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SYMPOSIUM ON THE INANGAHUA
EARTHQUAKE

W. J. H. Duckworth on Railways

J. P. Hollings Bridges

B. H. Falconer Buildings

H. C. Hitchcock Electrical Services*
introduction

A symposium on the Inangahua Earthquake of 24 May 1968
was held by the Society on the afternoon of 12 February 1969,
as a section of the 1969 Conference 0of the New Zealand Institution
of Engineers, at the Victoria University of Wellington.

Papers presented by the four speakers had appeared in the
December 1968 issue of the Bulletin, Vol. 1 No. 2. At the
symposium each paper was introduced by the speakers, and the
available time was conserved to enable members of the audience
to contribute to the discussion and for the speakers to reply.
Much of the material presented included charts and colourslides
which cannot be reproduced here. Mr G. F. Bridges, Chief Civil
Engineer of the New Zealand Railways, was the session chairman.

A verbal record was taken. The following material is a
summary of the presentations, notes, discussion and replies, as
prepared by the reporter. The symposium was held immediately
in advance of the publication of the February 1969 issue of the
Bulletin, Vol. 2 No. 1, which is devoted to a preliminary report
on the Inangahua Earthquake from an overall viewpoint with
contributions by many authors.

* A set of Conference Seminar Papers, including the relevant
papers by the four speakers in the Symposium, appeared in
Bulletin Vol. 1 No. 2 December 1968. :
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W.J.H. DUCKWORTH (Greymouth) said that in the Inangahua
earthquake of 24 May 1968, about 60 miles of railway track were
damaged, as were numerous buildings, bridges, and other structures.
To restore the track, 42,000 cubic yards of ballast and sub-ballast
were used, and 19,000 cubic yards of filling, and the total slip
excavation was 30,000 cubic yards. The cost of the restoration
was $371,000. The railway lines were opened for reduced speed
traffic on 17 June, and normal running resumed on 24 September.

A total of 265 work trains and 20 earth-moving machines were
used in the repair work, and the maximum number of staff on the
site was 180, the food bill for half of that staff being $3,572.
In general, where the line was laid on firm flat ground, little
foundation damage occurred, only the ballast section being
disturbed and the track distorted, but where the track was laid
in sidlings or cuttings, slips, rock falls, and rock slides
occurred.

The question to be considered was how a facility could be
constructed so that it would stand catastrophes of the Inangahua
type. Not much could be done to forestall or withstand a slide
of 2,000,000 to 3,000,000 yards of material, but better care
could have prevented trees from growing near the edge of batters
and eventually falling on to the track, and instability would
not have been so widespread if greater attention had been given
to the maintenance of cut-off drains, and if batter slabs had
been flatter. The characteristic failure pattern of the fills
was a downward movement of approximately 1 to 2 ft. to the lowest
unconfined level. In a few cases, the settlement was of the order
of 5 ft., and there was also, in one or two cases, the common
slip type of failure.

What lessons were to be learned from the earthquake?
Ground type was important, and the firmer the underlying ground,
the greater the resistance to settlement. The fill type was
also important, and clays tended to be more unstable than shingle
fills. The compaction of embankments was another important point,
and the old side-tip and end-tip systems were less likely to
stand up to earthgquake forces than modern compaction techniques.
Water content was of great significance, as was proved by the
collapse of an embankment 70 miles away from the main damage,
because it was heavily saturated, while embankments closer to
the scene suffered far less damage.
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The main conclusion was that design standards and
construction practices of the past were inadequate in the face
of an earthqguake of the magnitude of the Inangahua one, and it
might even be felt that some current practices were suspect.

The Inangahua earthquake had merely disturbed a small community,
but the next one might hit a metropolitan area. As engineers,
what could they do to minimise its effects?

J. P. HOLLINGS (Wellington) said he proposed to take the
Buller Bridge for discussion, as being the most modern. It had
been built in the late 1930s, and was therefore not too far
removed from current bridge design practice. It was stronger
laterally than longitudinally (flood versus traction and braking)
and probably received the main shock longitudinally, and as a
result the longitudinal response was the most noticeable. 1In a
conventional analysis for design purposes, the pier (as illustrated)
would be considered as fixed some distance below the river-bed
surface, and a static coefficient would be applied to the
superstructure. An elementary analysis would show that at the
critical section at the base of the piers there was a load factor
of at least 1.27 for the moments produced by those static loads,
and the clearances provided at the sliding joints of ¥ 1 inch
covered the predicted elastic deflections under the code loads
by a factor of 2.6. The movement at sliding joints was finally
limited by holding down bolts with a shear capacity at each
joint approximately equal to the weight of one span, which was
equivalent to saring the structure was through tied for a static
earthquake force equal to the span weight. Therefore the bridge
was apparently of adequate strength, with adequate allowance for
movement, and was adequately through tied. Notwithstanding those
apparently adequate margins and notwithstanding that the earth-
guake intensity was really no larger than that of the design
earthquake on which the code loads were based damaging movements
occurred. At the critical section at the base of the piers there
was evidence of several cycles of reversal of bending right up to
the ultimate moment capacity of the pier in each direction; the
sliding clearances were closed up to their full limits or beyond
at every pier; and the holding-down bolts at the sliding joints
were sheared or nearly so at every pier and were saved from
complete failure only by other paths available for the axial
deck forces.

If the code conventions were put to one side and the actual
behaviour of the bridge examined, three major influences would
be found to have been at work during the earthquake:-






